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PATENT SECRECY NOTICE
Material in this publication relating to
LAMINATED' CHAMBER COOLING MEANS

reveals subject matter contained {n U. $. Patent Application Serial
No. 319,047 entitled "High Pressure Rocket and Cooling Means' which
has been placed under a Secrecy Order issucd by the Commissioner of
Patents. This Secrecy Crder has been modified by a SECURITY REQUIRE-

MENTS PERMIT.

A Secrecy Order prohibits publication or disclosure of the invention,
or any material information with respect thereto. It {s separate and
distinct, and has nothing to do with the classification of Government

contracts.,

By statute, violation of a Secrecy Urder is punishable by a fine
not to exceed $10,000 and/or imprisonment for not more than two years.

A SECURITY REQUIREMENTS PERMIT suthorizes disclosure of the invention
or any material information with respect thereto, to the extent set forth
by the security requirements of the Government contract which imposes the
highest security classification on the subject matter of the application,

except that export is prohibited.

Disclosure of this invention or any material information with respect
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FOREWORD

This Technical Repor: presents the design and operational character-
istics of the XLR129-P-1 recusable rocket engine., In addition, it presents
engine parametric performance, size, and weight data for future flight
engine3 that could result from an engineering development program based
on this engine concept. This report is issued as a special report in
accordance with the requirements of Contract F04611-68-C-Q002.

This publication was prepared by the Pratt & Whitney Aircraft
Florida Research and Development Center as PWA FR-3108.

Classified information has been extracted from (asterisked) documents
listed under References.

This Technical Report has been reviewed and is approved.
Ernie D. Braunschweig
Major, USAF

Program Manager
Air Force Rocket Propulsion Laboratory
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UNCLASS IFIED ABSTRACT

This special fechnical report presents information and data on the
XLR129-P-1 rocket engine. Information is presented for both the demon-
strator engine and flight engine versions of this rocket engine. A
general description and pertinent technical information are presented
for the demonstrator engine. The demonstrator engine program schedule
is algo presented. Parametric design, performance, cost, and schedule
data are presented for the flight engine. This technical report has
been prepared for the use of airframe manufacturers and government
personnel who are conducting mission and vehicle studies.
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SECTION 1
INTRODUCTION

(U) This technical report provides a general description, pertinent
technical information, and the program schedule for the XLR129«P-l
demonstrator engine being designed, fabricated, and tested under
Contract F04611-68-C-0002. In addition, parametric data on the per-
formance, weight, and size of reusable rocket engines which could result
from an engineering development program is provided for use in vehicle
and missi{on studies,

(C) Data are presented for high pressure (3000-psia chamber pressure)
staged-combustion, pump-fed, oxygen-hydrogen, engines with transpiration-
cooled thrust chambers and regeneratively and dump-cooled nozzles.

(U) By combining interchangeable nozzle extensions with a basic turbo-
pump and combustion chamber module, the engine can be tailored to

specific rocket stage requirements, Data are provided for conventional
fixed nozzle engine configurations and two-position nozzle engine con-
figurations for various nozzle expansion ratios and contours. The two-
position nozzle concept is based on part of the nozzle being retracted
over the forward portion of the thrust chamber during low altitude opera-
tion and extended to the high area ratic position for high alcitude opera-
tion. This principle enables the high pressure eangine to have an exhaust
nozzle that i{s optimized for both high altitude and low altitude operation,
In addition, the two-position nozzle will provide high specific impulse

in vehicle installations where the length of the engine is limited. Dump
cooling is used for th2 extendible portion of the nozzle, which also
permits lightweight nczzle construction.
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SECTION II
SUMMARY

(U) Information presented on the XLR129-P-1 demonstrator engine include:
the overall engine design characteristics, an installation drawing, a
flow schematic, the engine internal design parameters, the component

and engine weight, a schedule of the demonstrator engine program, start
and shutdown thrust versus time curves, and engine/vehicle interface

propellant requirements.

(\U) The parametric performance data, which arve presented ftor the
LR129~P-]1 flight rocket engine, include delivered vacuum specific ime
pulse versus nozzle expansion area ratio for three nozzle contours and
five mixture ratios; specific impulse versus altitude for fixed nozzle
and two types of two-position nozzle engine configurations. In addi-
tion, parametric data are presented for engine weight, diameter, and
length versus nozzle expansion ratio for three nozzle coutours. Also
included is a throttling curve that presents delivered vacuum specific
impulse at various throttling conditions for five different mixture

ratios.

3/4
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SECTION III
DEMONSTRATOR ENGINE

- el

A. ENGINE CHARACTERISTICS

(U) The design and demonstration characteristics for the XLR129-P-1
demonstratcr engine are shown in Table I,

(C)(U) Table 1. Demonstrator Engine Characteristics

Nominal Thrust

Minimum Delivered
Specific Impulse
Efficiency
Throttling Range
Overall Mixture
Ratio Range

Rated Chamber
Pressure

Engine Weight
(with 75:1 nozzle)

Expansion Ratio

Durability

Single Continuous
Run Duration

Engine Starts
Thrust Vector

Control

Control Capability

250,000-1b vacuum thrust with area ratio of 166:1
244,000-1b vacuum thrust with area ratio of 75:1
209,000-1b sea ievel thrust with area ratio of 35:1

96% of theoretical shifting I at nominal thrust;
94% of theoretical shifting Ig during throttling

Continuous from 100 to 20% of nominal thrust
over the mixture ratio range

Engine operation from 5.0:1 te 7.0:1

2740 psia

3520 1b (with flighe-type actuators and engine
command unit)

3380 1b (less flight-type actuators and engine
command unic)

Two-position booster-type nozzle with area ratios
of 35:1 and 75:1

10 hours time between overhauls, 100 reuses,
300 starts, 300 therwmal cycles, 10,000 valve

cycles

Capability from 10 seconds to 600 seconds

Multiple restart at sca level or altitude

Amplitude: =7 deg;
Rate: 30 deg/sec; 2
Acceleration: 30 rad/sac

+3% accuracy in thrust and mixture ratio at nominal
thrust. Excursions from extreme to extreme in
thrust and mixture ratio within 5 seconds,
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(C)(U) Table I. Demonstrator Engine Characteristics

(Continued)
Propellant LO,: 16 ft NPSH from ] atmosphere boiling
Conditions temperature to 180°R

LHy: 60 ft NPSH from 1 atmosphere boiling
temperatura to 45°R

Environmental Sea level to vacuum conditions

Conditions Combined acceleraticn: 10 g's axial
with 2 g's transverse, 6.5 g's axial
with 3 g's transverse, 3 g's axial
with 6 g's transverse

Engine/Vehicle The engine will receive no external power,
with the exception of normal electrical power
and 1500-psia helium from the vehicle

B. ENGINE INSTALLATION DRAWING

(U) The general component arrangement of the XLR129-P-1 demonstrator
engine is illustrated in Figure 1. An installation drawing with envelope
dimensions, including the retracted (stowed) length and extended length
of the engine, is provided as Figure 2. The primary interfaces, such as
the propellant inlet connections and gimbal attachment locations, are
also shown. 1t {5 cstimated that the maximum actuatsr load during
gimbaling of the demonstrator engine is 50,000 lb. The power to gimbal
the engine is approximately 80 horsepower.

C. ENGINE FLOW SCHEMATIC

(U) A simplified propellant flow schematic illustrating the propellant
flow paths and functional component arrangement of the engine is shown
in Figure 3. The XLR129-P-1 high pressure rocket engine uses a staged
combustion cycle in which most of the fuel is burned with a portion of
the oxidizer in the preburner to provide turbopump power before combus-
tion with the remainder of the oxidizer in the main burner chamber.

Fuel and oxidizer enter the engine through the engine driven low-speed
inducers. The low-speed inducers are used to minimize the fuel tank
pressure requirements, while aliowing high-speed main propellant pumps
for high turbopump efficiencies, The fuel low-speed inducer is a single
shaft unit with an ax‘al flow inducer driven by a two-stage, axial-flow,
partial-admission impulse turbine., The oxidizer low-speed inducer {is
also & single shaft unir with an axial flow inducer driven by a single

stage radial inflow turbine.

CONFIDENTIAL
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(U) Figure 1. XLR129«P.l Demonstrator Engine FDC 27532
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(U) Figure 2. Engine Installation Drawing (Concluded)
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W
Two Position N-‘h-/

(U) Figure 3. Simplified XLR129-P-1 Demon~- FD 21002C
strator Engine Propellant Flow

Schematic

(U) The main fuel turbopump is a single shaft unit with two backe-to-back
centrifugal pump stages driven by a two-stage, pressure-compounded tur-
pine. The fuei flow is pumped Lu Lhe system uperaling pressure levels
by the main fuel pump. The hydrogen is then ducted to cool the regenera-
tive sections of the nozzles. The principal fuel flow path from the pump
is through the upstream portion of the primary nozzle, and then into the
preburner chamber through the preburner injector. The remainder of the
fuel flows through the downstream portion of the primary nozzle and then
through the fuel low~speed inducer drive turbine prior to being passed
into the main chamber as transpiration coolant. A small amount of fuel
is bled off between the main fuel pump stages to provide coolant tor

the two-position nozzle. This coolant flows to the nozzle through a
regulating orifice and a shutoff valve that is provided to stop the flow
when the two-position nozzle is in the retracted position. The area
ratio, at which the fixed primary nozzle ends ard the two-position,
translating nozzle starts, is varied to cptimize the performance for the

specific application.

(U) The oxidizer turbopump is a single shaft unit with a single, centr{f-
ugal pump stage driven by a two-stage, pressure-compounded turbine.

After being pumped to the system operating pressure levels by the main
oxidizer pump, the oxidizer is divided between the preburner and the

main burner chamber. The principal oxidizer flow passes through and 1is
the working fluid for the oxidizer low-speed inducer turbine before being
injected into the main chamber. The remainder, a smaller scheduled
portion of the oxidizer, i3 ducted to the preburner where it i{s burned
with the fuel, The resulting combustion products flow through ducts to

CONFIDENTIAL
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the two main turbines, which are arranged in parallel. The energy
required to drive the main pumps is extracted from these combustion
products, which then exhaust from the turbines and mix in a common
passage of the transition case. These gases then pass through the main
burner injector and into the main burner combustion chamber where chey
mix and burn with the principal oxidizer flow. These combustion gases
are then expanded through the bell nvzzle to provide thrust.

(U) The preburner injector consists of dual-orifice, tangential-swirler
oxldizer injector elements and fixed area fuel injector clements. A
preburner oxidizer valve is incorporated at the inlet to the injector
assembly tv vary the total oxidizer flow rate for turbine inlet tempera-
ture control and to adjust the relative flow of the primary and sccondary
oxidizer elements. The preburner combuscion chamber is countained within
the transition case¢, which also contains the turbine drive gas ducts.

The main turbopumps are attached to the transition case with a single
flange and bolt circle arrangement to provide ease of access for turbo-
pump maintenance.

(C) The main chamber injector consists of fixed-area, tangential-swirler
oxygen injection elements arranged in radial spraybars The fuel side
(prcburner gas atfter expansion through the turbine) is a fixed area design
that ducts fuel-rich gas around each row of oxidizer injectcr points. A
small portion of the fuel-rich gas flows through a porous face to provide
cvoling, The combustion chamber wall is compused of a fuel cooled liner
extending from the injector face thrvugh the throat region to a nozzle
area ratio of 5.3, The liner is composed of porous wafer plates, which

provides the transpiration cuoling,

(U) The nozzle, which attaches downstream of the throat, is composed of

two regeneratively cooled primary sections and a low-pressure, dump=cooled,
two~position nozzle. The regeneratively cooled sections are conventional
tubular heat exchangers, the two-position nozzle employs lightweight sheet

metal construction,

(U) A more complete system schematic, including all main propellant lines,
recirculation lines, electrical interconnections, and the helium systems

is shown in Figure 4,
D. ENGINE AND COMPONENT OPERATING PARAMETERS

(C) The component and engine system steady-state operating parameters
arc presented in Table II for mixture ratios of 5, 6, and 7 at 100% and

207% thrust.
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E. SUMMARY WEIGHT TABLE

(U) The estimated dry weights of the major components of the demonstrator
and flight engines are shown {n Table Ill. The demonatrator dry engine
waights are based upon lightweight component designs with the additional
marging required for a low risk demonstrator engine program, The flight
engine dry weights are based upon the normal improvements and weight
reduction that would materialize &s a result of an engineering develop-

ment program.

(C)(U) Table II1. Engine Weights (Dry)

Item Demonstrator Flight
Engine (¢ = 75) Engine (¢ = 75)

Preburner and Hardware 90 70
Transition Case and Gimbal 370 285
Main Burner Injector and Hardware 115 85
Main Burner Chamber 425 330
Nezzle and Actuation 640 460
Fuel Turbopump 480 380
Oxidizer Turbopump 235 250
Low-Speed Inducers <35 185
Controls 305 240
Plumbing 310 240
Miscellaneous 15 55

Total ' 3380" 2580

*Does not include valve actuators

F. START AND SHUTDOWN CURVE

(C) The start and shutdown transient curve from the XLR129-P-1 demon-
strator engine i{s shown in Figure 5. This curve presents percent thrust
versus time, and shows four distinct modes of operations (1) start to
minimum thrust in approximately 1 second, (2) accelerations to 1007%
thrust, (3) decelerations tc idle, and (4) shutdowns,
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(U) Figure 5. Estimated Start and Shutdown DFC 69931

Transient Characteristics
G. ENGINE INLET CONDITION CURVES

(U) The ranges of temperature, pressure and NPSH conditions required
at the inlet to the fual and oxidizer low-speed inducers are shown in

Figures 6 and 7,

(U) The relationship required between fuel temperature and oxidizer tem-
perature, so that the engine thrust and mixture ratio will remain at
their set points withia the specified control accuracy (z3%), is showa

in Figure 8.
H. PROGRAM SCHFDULE

(U) The XLR129-P-1 demonstrator engine program schedule is shown in
Figure 9. This is a S4-month program that began on 6 November 1967.

The program has been divided into five phases. The first phase, which
has already been completed, generated test and analytical data to com-
plete the technology necessary to design the engine and components.
During the second phase all the components will be designed. The com-
ponents will be fabricated and tested to qualify them for engine use
during the third phase. The fourth phase is the {ntegration of the
components into the demonstrator engine and the testing of the demon-
strator engine, The fifth phase is the definition of the flight engine.
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SECTION 1V
FLIGHT ENGINE

A, INTRODUCTION

(U) The flight cngine configuration will be based on the results of the
XLR129-P-1 demunstrator engine program. During a subsequent engineering
development program further tests would be conducted to refine the engine
to meet the flishtweight criteria and to develop the level of system
maturity required for fiight operation. The additional development
effort is a logical extension of the demonstrator program,

B. DESCRIPTION
l. General

(C) The staged-combustion, high-pressure oxygen/hydrogen rocket engine
is a versatile, high performance propulsion system for use in both upper
and lower stages of advanced vchicles. This reusable engine is capable
of maintaining constant thrust over a mixture ratio range of 5 to 7.
Nozzle interchangeability and the use of the two-position nozzle con-
cept permit operation of the same engine system with optimum nczzle

area ratios for improving the performance of the lower scages within

the atmosphere as well as providing the high performance attainahle with
very high area ratio nozzles in the upper stages. Interchangeability

is achieved by attaching the desired nozzle to a fixed turbomachinety
power package. The area ratio at which the primary (fixed) nozzle ends
and the two position (translating) skirt starts, can be varied to
wprimize performance for the cpecific applicarion. The ganaral propellant
flow schematic of the LR129-P-1 flight engine is the same as shown for
the demonstrator engine in Figure 3. Engine nomenclature is illustrated
in Figure 10,

2. Nozzle Concepts
a, Two-Position Nozzle Concept

(U) The two-position nozzle concept consists of a translating two-posi-
tion nozzle and a fixed primary beil nozzle. The two-position nozzle is
in the retracted position for sea level operation thus eliminating over-
expansicn losses associated with the larger area ratio section of the
nozzle. This concept, combined with high chamber pressure, provides a
compact engine package that provides superior low altitude performance.
The two-position nozzle is translated to the extended position for high
altitude operation., On uppar stage applications, the two-position
nozzle (s in the retracted position before stage separation to provide

a compact engine package, and {s then extended after staging.

IR S /A T 3 1:'::'"-1:@
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(U) Figure 10. Engine Configuration With FD 21il5za
Two-Position Nozzle

(C) Data for two types nf two-position nozzles are presented in this
report; (1) a configuration with a 35.1 primary nozzle expansion ratio
and various overall expansion ratios and (2) alternatives which produce
minimum stowed length of the engine with the nozzle retracted.

(C) In general, lower stage engines, which operate both at low-altitude
and in vacuum, will have a relatively low primary expansion ratio.

Pratt & Whitney Aircraft studies have shown the 35:1 primary expansion
ratio to be near optimum, These studies have also shown that overall
(extended) nozzle expansion ratios for these applications are also some=-
what low and in the 50:1 to 150:1 range. High efficiency contours
usually produca the best performance in these applications,

(C) When the primary rozzle expansion ratio ¢, (or the breakpoint be-
tween the stationary and the moveble portions of the nozzle), is in the
35:1 to 80:1 range, it is possible to move the nozzle far enough forward
to provide the altitude compensating feature. The ftwo-position nozzle,
however, cannot be moved completely forward to the gimbal axis because
of interference with the turbopumps and plumbing. Where short length
and nigh expaneion rati{os arc primary installation goals (e.g., upper
stage), it is generally desirasble to accomplish the breekpoint at an
area ratic greater than €0:1 so that the translating portion of the
nozzle can be moved back 28 close as possible to the engine gimbal axis.
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Because {n upper stage applications the cngine would not generally be
lired with the nozale rotracted, the breakpoint could be selected to pro-
vide the shortest pussible engine stowed length and the maximum engine
expansion ratio, The engire stowed length curves presented in this
report retflect these considerations,

b, Nozzle Contour

(U) Engine length, weight, and performance arv functions of the exhaust
nozzle contour. In general, shorter length confours vield lower nozzle
performance., Therefore, in addition to optimization of the area ratio,
the optimization of a bell nozzle engine includes the selection of the
shape or contour of the nozzle. The bell nozzle contours used by Pratt &
Whitney Aircratt are selected from a family of truncated perfect nozzles.
Perfect nozzles are defined as those that, at a prescribed area ratio,
expand a pas Flow tvom the throat of the nozale to a uniform and parallel
flow at the nozzle exit. Using the method of chavacteristics, a series
of perfect nozzle contours may be computed as a function of this "design
area ratio. The contour surface at any diameter and length along the
nozzle may be plotted in nondimensional form as shown in Figure 11, The
integrated thrust ard surface area can also be calculated at axial loca-
tions along the nozzle. The calculation procedure includes the effact of
friction and varyinyg thermodynamic properties of the reacting gases.
Representative results of this detailed analysis can be plotted as shown

in Figure 12, which presents contour coordinates for perfect bell nozzles
with lines of constant surface area and constant vacuum thrust coefficients

superimposed.

1]

8

H1-02

P, = 3000 psia /-""
r=6

D/Dy
S
N
I

DIAMETER/THROAT DIAMETEE.

10 2 30
LENGTH/THROAT DIAMETER

2

(U) Figure 11. Verfect Nozzle Contours FDC 27862
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(UY & perfect nozzle cuntour does not necessarily produce optimum engine
or vehicle performance, Hecause a perfect nozzle is constrained to pro-
auce completely axial flow at the exit, a considerable part of the rear
section of the nozzle {8 involved in the final flow turning process.

In a real nozzle, the friction losses here are greater than the performe
ance gains that accrue from the final flow straightening. Therefore,
maxinum nozzle performance is obtained by shortening or truncating the
perfuect nozzle. Further, in rcal vehicles there are engine length
penalties such that additional truncation may be required to produce
maximum vehicle performance. Pratt & Whitnev Aircroft was definad

a series of three nozzle length truncations of the abe ‘afined pere
fect nozzle for application to rcal vehicles. These t..ucationg
(referred to as nozzle contours in this report) are described as
follows:

1. Maximum Performance Nozzle (MCS)
2. Minimum Surfacc Area Nozzle (MSA}

3. Base Nozzle.

These three nozzle truncations are shown schematically in Figure 3.

MSA Base MC,y

aer

¢ = Conatant

—=»—- Radius — o

Length

(U) Figure 13. Nozzle Contour FD 22438A

(V) So that the method used in establishing MC,;, MSA, and Base Nozzle
contours can be more easily identified, a representative portion of the
information given in Figure 12 is shown in Figure 14.

(U) Nozzles with minimum surfdce area (MSA nozzles) for a given thrust
are defined by the locus of points for which a line of constant thrust
coefficient (Cp_ . ) and a line of constant surface area-to-throat area
ratio (Ag/A,) are tangent. This is shown as point A on Figure l4.
Maximum nozzle efficiency (MCg) for a given thrust are defined by the
locus of points for which the lines of constant thrust coefficient
(CFyae) have zero slope (point B on Figure l4). 1t should be noted
that the maximum performance nozzle (point B) {s still short of the
full length perfect nozzle because frictional drag has been included.
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gg [ Contours
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E Coastant Surface
€ Are /—
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Q
LENGTH/THROAT DIAMETER, L/D,
(U) Figure 14, Contour Optimization FD 6263C

(U) A third type of nozzle truncation considered is referred to as a
base nozzle contour., This truncation has resulted from experience with
various optimization studies and generally produces nearly optimum
balance of weight and performance, particularly for lower stage applica-
tions. While this contour is not established directly from analysis of
Figure 14, it falls approximately half-way between points A (MSA) and

B (MC.). The relationship between truncated area ratio and 'design"
area ratio for base nozzle contours is shown in Figure 15.

1000 =
- H32-O2 Propellants
— P = 3000 peia
o N Equilibrium Flow
g >
<
?g 100::: ”””’,szf
2z -
Qo -
[77) - L
o)
(=] !
10 L1yt l l[ | 1| | l |
10 100 1000
TRUNCATED AREA RATIO
(U) Figure 15. Base Truncations of Perfect FDC 27861
Nozzles
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() Nozzle truncations considered {n the parametric data of this report
are: maximum performance, base, and minimum 2urface arca nozzle contours.
Prate & Whitney Alrcrafe preliminary engine/vehicle siudies have shown
that the best upper stage pevformance is generally obtained by using the
base nozzle or minimum surface area nozzle contour.

3. Flight Engine Chavacteristics

(U) Preliminary design characteristics for the flight engine are pro-

vided in Table IV.

(C)(U) Table LV.

Flight Engine Characteristics

Nominal Thrust
Minimum Delivered

Specific Impulse
Efficiency

Throttling Range
Overall Mixture

Ratio Range

Rated Chamber
Pressure

Durability

Single Continuous
Run Duration

Engine Starts
Thrust Vector

Control

Control Capability

Propellant
Conditions

To be determined from parametric data

100% nominal thrust - 96,77

20" nominal thrust - 95,47

(All of these conditions are with an expansion
ratio of 100:1, mixture ratio of 7 and MSA nozzle)

Continuous from 100 to 207 of nomiral thrust over
the mixture ratio range

Engine operation from 5.0:1 to 7.0:1
3000 psia

10 hours time between overhauls, 100 reuses,
300 starcs, 300 thermal cycles, 10,000 valve
cycles

Capability from 10 seconds to 600 seconds

Multiple restart at sea level or altitude

Amplitude: 7 deg;
Rate: 30 deg/sec;
Acceleration: 30 rad/sec?

*37, accuracy i(n thrust and mixture ratio at
nominal thrust. Excursions from extreme to
extreme in thrust and mixture ratio within

5 seconds

LOy: 16 ft NPSH from 1 atmosphere boiling
temperature to 180°R

LHy: 60 ft NPSH from 1 atmosphere boiling
temperature to 45°R
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(C)(U) Table IV. Flight Engine Characteristics (Continued)

Environmental Sea level to vacuun conditions

Conditions Combined acceleration: 10 g's axial with
2 g's transversa, 6.5 g's axial with
3 g's transverse, J} g's axial with
6 g's transverse

Engine/Vehicle The engine will receive no external power,
with the exception of normal clectrical power

and 1500-psia helium from the vehicle

4. Cycle Balance

(C) A 250K LR129-P-1 flight engine sysatem and component operating param-
eters at 1007 and 207 thrust and mixture vatios of 5, 6, and 7 are
presented in Table V.

5. Schedule With Cost

(U) The schedules of the flight engine development program to PFRT as
related to the XLR129-P-1 demonstrator engine program are shown in

Figure 16. The estimated development costs to PFRT and Qualification
as a function of rated thrust betwa2en 100K and 500K are shown in Fig-

ure 17,
€. PARAMETRIC ENGINE DATA

1. General

(U) Parametric engine data are presonted in this section for two basic
configurations: (1) engines equipped with two-position exhaust nozzles
and (2) engines using conventional fixed exhaust nozzles.

(C) The two-position nozzle engines may be configured to provide either
(1) high sea level performance or (2) minimum stowed length; the selec-
tion of the primary nozzle expansion ratio (¢,) depending upon the
application. The above objectives are achieved by having the two-
position nozzle retract from a nozzle expansion ratio of 35 (denoted

by €, = 35) mainly for lower stage applications or from the expansion
ratio that will provide minimum stowed length (denoted by € = minimum) .

(C) Engine data provided for the fixed and two~position nozzle engine
configurations are: (1) performance (specific impulse), (2) weight,

snd (3) envelope. These data are for a vacuum thrust range of 100,000 1b
(100K) to 500,000 1b (500K), mixture ratios from 5 to 7, and nozzle
expansion ratios (€) 35 to 400 for three nozzle truncations or contours),
as applicable. Nozzle :runcations considered in these data presentations
are maximum pertormance (MCq), base, and minimum surface area (MSA) nozzle
contours, A discussion of nozzle contours is provided in Section II.
Engine dimensions and nomenclature are illustrated {n Figure 10,
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Compoasat Development
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XLR®2M Demonstratur
Engine Program
)
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|
*Start Develapment Program
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) Development to PFRT

'IIIIIII’EE!EEEHHIIIIP

!
| |
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[
Development to PFRT
(LR129)

i
‘ 1AM e l |
L] l itk ' !

(Othsr Thrust Size in
100-500K Range)
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1] l

N ) wh wiz | wm ) e
(U) Figure 16, XLR129-P-l Demonstrator Engine FD 24282A
Program
0
3y
= Qualification
%
E L] /
-
>3 - PFRT
&= L~
aj
g .
8hi —t
ZO Cost of Facilities and
“uo Propellants Not Included
clm 200 300 400 500
ENGINE VACUUM THRUST - thousands of pounds
Estimated Engine Development FD 27781

(U) Figure 17,

(C) The engine characteristics of specific impulse, weight, and envelope

Coats, Oxygen/Hydrogen Engines

are based on the following:

rating test (PFRT)

Performance attainable at the time of preliminary flight

Engine inlet propellant conditions:

Minimum required hydrogen net positive section head
(NPSH) = 60 ft
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Minimum required oxygen net positive suction head
(NPSH) = 16 ft

® Continuous throttling capability between 100% and 207 of
rated thrust

@ Mixture ratio range of 5 to 7 at all thrust levels

»

® Thrust vector control provided by mechanical gimbaling,
+7 degrees

® Durability of 10 hours time between overhaul (TBO), 100
reuses, 300 starts, 300 thermal cycles, and 10,000 valve
cycles

® Lightweight, dump-cooled nozzle construction

© Performance based on the use of nozzle dump cooling for
expansion ratios greater than 35

® For high expansion ratio nozzles, radiation cooling is
used aft of the lowest expansion ratio permitted by heat
flux levels. (This expansicn vatio varies over the para-
metric range, bur {3 approximately 200.) If radiation
cooled nozzle skirts wera not used, an insignificant in-
crease in engine weight would result,

2, Enging Performance

a. General

(U) Vacuum specific impulse, sea level specific impulse, altitude per-
formance, and throttling performance are presented in this section for
fixed and two-position nozzle engine configurations.

b. Vacuum Performance

(C) Vacuum specific impulse data are presented in Figures 18 through 20
as a function of nozzle expansion ratio. Data are presented for maximum
performance (MCg), base, and minimum surface area (MSA) nozzle contours,
These curves, which cover a nozzle expansion ratio range of 35 to 400,
are applicable for all lightweight-nozzle (fixed and two-position)
engine configurations in which dump cooling begins at an expansion ratio
of 35:1. Vacuum specific impulse s very nearly independent of thrust
level in the range of 100K to 500K; this is particularly so between

200K and 500K.
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U Fianre 200 Vacuun Specitic lupulse vs DEC 70299

Nozzle Expansion Ratio
o. Altitude Pertormance

1y General

(t0) Altitude pertformance for envines equipped with lightweight nozzles

s sthown in Froures 21 through 2o, These data are presented as the

ratio of specitic ifmpulse (at altitude) to vacuum specitic impulse

gt feae)s versuas altitude as a function of nozzle expansion ratio,

The altitude ranee is trom sea level to 200,000 {t (vacuum conditions).
The thrust at any altitude mav also be obtained by use of these curves
bocavse Tgae lvae ® Fare Fraer bstimated nozzle flow separation
altitude is also shown, where applicable, for the higher expansion ratios,

2) Two=Position Nozzle Envine Configurations

2
(1) Prirmary Nozzle Area Ratio = 35

(v Aleitude performance Jor two=position nozzle enuine contigurations
heving a primary nozzle expansion ratio ol 35 (¢, = 351 i3 shown in Fige
urcs 21 through 23 for MC,, base, and MSA nozzle contours. These curves
prosent altitude performance for the engines with the two-posittion nozzle
in the extended position for high altitude operation and with {t retracted
for vperation at lower altitudes, The inflection points in these figures
result tfrom the translation of the twou-position nozzle, These Jdata are
usable for the entive parametric ranpe of mixture ratios without siy-
nificant error., These data are inlependent of thrust level for a cone
stant primary expansion ratio. The nozzle expansion ratio range pro-
vided {n these curves {3 from € = 50 to ¢ s ]50,

CONFIDENTIAL




- ——————

0LT0L J4a

IduCWINFII] 2pnITILY

(epurencyll 311 - KLY
oot a2 om [

CONFIDENTIAL

APNIENY aySi0y SHey
wied Oig - nu

®t110q woissede; 2y3s.g

(5 o m'. [LUIRT IR S0
M|FuF wiaisy BIPIFes (-0A]

LGN

(R BN

=~
? )//.

- //

[ S

1240 "0y

TTT 2anEg ()

(B4 ZBERLL TR T KX RPN SS | J

1L20L J43q Jduew103134 IpNi1IlY
{spswenonr) 33 - 2qu2LsdY
o0z on [} oe oe

*17 dandrg (n)

e - *n wogeansyjany
ouiduz sj33eg wolirecg-ony

idwoy
30y Srwweioging WwiTey

>
visd DOOK - 4

Aa232

e1yeg wrisueduy syrscy

1%t . 01w TMIOSNM 38U 14TV

v

39

CONFIDENTIAL




9669 144

L 34

JJUBWLI0Y 1D,

1 apm

-
-

"YC dandg ()

CONFIDENTIAL

+SR69 Dda

1907

JdUewIOIIAg ApuIlI|Y

(R R L L PR ST R L

91 ey ™

€T dandiy )

i 4
A B
USRI 13

H

VAN FATy 2%} geempegg

Bl N LY TS F T
ESETER R EL N PO

TVUNIGNGY

e

sicd img - g

] — N
ECLIRIIRI PO PR

i
Q

4
3
TUOT L OLAVE LRSS WGl LY

40

CONFIDENTIAL




CONFIDENTIAL

$€669 D244 ddourwiojiad IPnItIjy. M@N Ny (1) 7€669 D4a

tepvesangls 1) - MNIZYY

0L o8t hic 4] L o~ 4 vez

IdULWI0JIAN] OPpNIYIY

(spaweacy) 3 - ULV

092

o coon

*CZ oandig (n)

Dvg
moams e

t

=

3

{owgeiy o 4p E

g yepalyjuey i
suidep PrIMIg @1 sTSsenag 3
-

s gy 23Sy M
o8ty srejINg SWjuyy m
s1ed upf o un %

2

:2

.

A 8

(wrerny « 45} wayiesetyguey
outfuy o128-x wiIIBr -on)

NV ien) DYy eamy

ssed s - .L

wo) 182edeg

23
.

’
o

c GIAVE TN/ a1V

1

bl T ]

41

CONFIDENTIAL




B .
e U e A 1 A . IR 1L 8¢ A e My -

CONFIDENTIAL i ’

thY Peisarey Nozale Arca Ratio Sized tor Minimwny Stowed Langth

U Altitude pertormance 1ar two=position nozzle engine contigurations
that provide ‘inl'ua stowed leneth “p a minfmum) s prosented in Fige

UEOS e Lorough du ‘

() As {1t the vase of Lanpusitinn nozzles with 4 constant primary nozzle
expansion vatio (¢, » 35, the variation in altitude periormance resulting
tron mixture ratio {8 insivnitivant. Thore is ar additional offect caused
by the variation in the primary nozzle expansion ratio as a function of
tarust ltesels his efteet s alse cenervally small and produces a total
ereor, fneludine sikture vatio eitects, which {8 no ore than =0.5" in
cded level pertformance.  Varidtions in primary nozzale expansion ratio also
aftect the secondary nozegle translation altitude (the altitude at which
the secondary nuzzlc is translated to its oxtended position for high
pettormance opuration): the resultant eftfect in translarion-altitude is
approximately * 3000 feet. because all the variacions cited above are
velatively sqaalt, a single carve for v = 0,0 is presented tor zltitude
pertorance for cach nogale contour, Nozzle oxpansion ratios for these
curves cover the ranve Ctom € = 30 to € = 400,

v
v

'

t3) Fised Nozzle Dneine Cwnfigarations ‘ ,

() Altitude pertormance tor rixed nozzle engine enfigurations is
pru:cntod in Ficure 27 for nozzle expansion ratios ol € = 35 to ¢ = 400.
Lt can be scen from chis fivue that lower stage nppltca:xons with nozzle
expansion ratios wreater thau approximately 100:1 are not practical with
fiaed nougles because of nozzie tlow separation at low altitudes.

Jd.  Sea Level Periformance

1) Genoral

\

(C) To taailltatc vchlcle sizing and to allws a djrect .comparison of ses.
level pertormance, sca level specific idpulse is presenced in Figures 2u
tneeugh 30 as a fupetion of overall nozzle expansion ratio. Data are
provided for three nozzle contours for tiacd nozzle and two-position nozzle
(€ = 35) engine vonfigurations,

(2) Two=Posicion (tp » 15) and Fixed Noz:zle Hngtﬁe‘&niftguracions

(C) Se¢a level specilic impulse for twospusition nozzle englae configura-
tions having a primary aozzle expansion rutio of 35 {s presenved for
overall expansion ratios of 30 to 130, Sea level specific impulse for
tixed nozzle engine c¢onfigurations .is presented for ex dion ratfos 35
tv 100, Flow separation at'sea 'level occurs in fixed nuzzles with expan-
sion ratios appruw(matclv 100 or ureater.

CONFIDENTIAL




roow BEN) paty

toaed Nor e
Vonbla gt

~.
lapaamermeamiion  ~ypargti 0

[
Ry
L) 1,
-
t
«
- I AN
A A
B ;
3 i [
: / Iy
- Ve I . '
; ro
- i [
: o
< [ Lo
R I
) b .
] A)
{ \ "
v ’/
;
- it /

CONFIIBHTIAL

Y )

(V) Figure 27,

o 15

ALTITVDN -t TNousands

Altitude Performance

CONFIDENTIAL

LFC 69930




-
R ™ “ Y e .

CONFIDENTIAL

(U) Figure 28. 3Sea Level Specific Impulse vs DFC 70352
Nozele Expansion Ratio
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(') Figure 29. Sea Level 3pecific Inpulse vs DFC 70354
Nozzle Expansion Ratfo
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(U) Ficure 30. Sea Level sSpecific Impulse vs DFC 70357

Nezzle Expansien Ratio

(C) A comparis.on of the sea level specific impulse attainable with fixed
noszle and two-position nozele engine confivgurations shows the significant
improvement in perfoermance that results from the use of a two=positian
nezzle.,  In the case of two-position nozzle engine configuracions for use
in lower stage applications, the translating nozzle is in the retracted
position for sea level and low altitude operation., With the two-position
nozzle retracted, the enzsine vperatas with a low expansion ratio (ep = 135).
This produces a higher sea level specific impulse than that obtainable
with a fixed nozzle having the same overall nozzie expansion ratio. A
two-pusition nozzle engine confizuration with an overall nozzle expansion
ratio of 100 and a primary nczzle expansion ratio of 33 will provide a

sea level specific impulse that is approximately 50 seconds greater than
that attainable with a fixed nozzle for the same conditions of nozzle
contour, mixture ratio, and vacuum thrust. Sea level thrust would be
increased in the same proportions,

¢. Throttled Perfomance

(C) Throttiing performance of high pressure engiros is shown in Figure 31.
This ficure presents the rativ vf specific impuise at throttled conditions
to nominal specific imprlse versus percent neminal thrust as a function
of mixture ratio (r = 5.0 to r = 7.0). The effect of nozzle expansion
ratio on throttled perfvormance is insignificant (less than 0.17) and can
be disrcyarded.
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Throttled Conditions

3. Engine Weight

a. Ueneral

(U) Engine dry weight for fixed and two-position nozzle engine configura-
tions are presented in Figure 32 through 40 for MCq, base, and MSA
nozzle contours as functions of vacuum thrust and nozzle expansion ratio.

(U) The total engine dry weight includes the weight of all engine come
ponents on the engine side of the vehicle/engine interface. Specifi-

cally, it includes the following:

16

Thrust chamber (transpiration cooled)

Exhaust nozzle (regenerative and dump-cooled sections)

Nozzle translating mechanism (where applicable)

Preburner assembly

Fuel and oxidizer turbopump assemblies

Transition case and gimbal

Engine-mounted and driven fuel and oxidizer low-speed [nducers
Ignition system

Engine controls, shutoff valves, and actuators; and plumbing

Gimbal and actuator arm attschmant brackets for mechanical
thrust vector control.

Flight instrumentation and its hardware, and TVC actuator mechanisms
are not included in engine weight.
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b, Two-Position Nozzle and Fixed Nozzle Engine Configurations

(C) The totel weight of two-position nozzla engines having & constant
primary nozzle expansion ratio, ¢, = 35, are presented in Figures 32
through 34 for a nozzle expansion ratio range of € = 50 to ¢ » |50,
Engine weights for configurations having ¢, = minimum are shown in
Figures 35 through 37 for nozzle expansion ratios ¢ = 80 to € = 400,
Fixed nozzle engine weights are presented in Figures 38 through 40,
Engine weight differences between the two translating nozzle configura-
tions, €, = 35 and ¢, for minimum stowed lengths, arc caused by varying
nozzle translating mechanism requirements.

(U) Relatively flat slopes for engine weight as a function of nozzle
expansion ratio are obtained with dump-covled, lightweight nozzle engine
configurations, This {s a result, primarily, of using lightweight nozzle
construction for dump cooling beyond an arca ratio of 35, As the overall
nozzle expansiovn ratio is increased, the surface urea of the regenecra-
tively cooled portion of the nozzle (to ¢ = 35 in all cases) becomus
smaller because of the change in the contouring of the nozzle (which
results from the change in overall expansion ratio) and thus the nozzle
becomes lighter. Conversely, the dump-cooled portion of the nozzle
becomes larger and increases in weight as overall nozzle expansion

ratio is increased. The net result is a relatively small increase in
total engine weight with i{ncreasing expansion ratio for all thrust levels.
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4. Engine Envelope
a. General

(U) Engine dimensions of overall (nozzle) exit diameter, overall length,
and stowed lengths (for two-positiun nozzle engine configurations) are
presented in this section in Figures 4i through 50 as a functioun of
nozzle expansion ratio. Length data are presented for three nozzle
contours; MC_., base, and MSA. Because overall exit diameter is not
significantly affected by nozzle contour, only a single figure is pre-
sented for this parameter. Primary nozzle expansion rativ as a function
of overall nozzle expansion rativ for minimum stowed length engine cone
figurations is presented in Figures 51 through 53.

(C) Stowed engine length for two-position nozzle engine configurations,
in addition to being a function of thrust level and nvzzle expansion
ratio, is also dependent upon the expansion ratio of the primary nozzle.
For lower stage applications, a small primary nozzle expansion ratio,

€p = 35, generally produces the best performance; in upper stages,
larger primary expansion ratios, tp 2 80, provide minimum stowed length,

(C) When the primary nozzle expansion ratio is set at a coustant value
(i.e., €, = 15), the primary nozzle exit plane determines the stowed
length for low overall expansion ratios, As the overall expansion ratio
is increased, a point is reached where che two-position nozzle determines
the stowed length. The inflection points in the curves of stowed length
occur where the exit planes of the primary and two-position nozzles are
in alignment.

b. Diameter

(C) Overall exit diameter is prasented in Figure 4) as a function of
vacuum thrust for nozzle expansion ratios ¢ = 35 to € = 400, This curve
may be used for all nozzle truncations (contours).

c. Length
(1) Overall Length

(C) Engine overall length for fixed and two-position nozzle configura-
tions is presented i{n Figures 42 through 44 for each nozzle contour as
a function of nozzle expansion ratio, € = 35 to ¢ = 400,

(2) Stowed and Minimum Stowed Length

(C) Engine stowed length for €¢p = 35 is presented in Figures 45 through 47,
Minimum stowed lergth (ep = minimum) is presented in Figures 48 through 50.
Stowed length curves are presented for each cf three nozzle contours as a
function of nozzle expansion ratic.

(U) For minimum siowed engine length, two hardware geometry considerations
are the determining factors: (1) the nozzle translating mechanism and

(2) the turbomachinery or power package. Inflections in the minimum
stowed length curves are caused by a changeover in the limiting factor.
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D. ENGINE/VEHICLE INTERFACE DATA

{. General

(U) Engine/Vehicle interface data are presented in the tables of this
section as a function of thrust level in 50K increments. These data
are based on the demonstrator engine configuration. These interface
data include inlet condition operating region, engine inlet and TVC
actuator arm attach point locations, engine inlet and power package
diameters, TVC actuator arm loads and auxiliary power available from

the engine.
2, Engine Inlet Conditions

(C) The high pressure engines are designed to be capable of operating
over a2 wide range of fuel and oxidizer {nlet conditions provided minimum
net positive suction head (NPSH) requirements are met. The flight en-
gine inlet operating regions are the same as those for the demonstrator
engine (see Figures 5 and 6) with minimum required NPSH's of 60 feet

and 16 feet at the fuel and oxidizer inlets, respectively. If special
vehicle operating conditions require inlet conditions outside of the
normal engine operating regions, these should be coordinated with

Pratt & Whitney Aircraft to ensure engine/vehicle compatibility.

3, Engine/Vehicle Interface Locations
(U) Engine inlet and actuator arm attach point locations are presented

in Table VI, These dimensions are referenced to the engine X, Y, and
2 axes shown in Figure 54, The engine fuel and oxidizer inlet flanges

are in the same plane as the gimbal axis of the engine.
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(U) Table VI. Location of Engine Inlets and
Actuator Arm Attach Points

Vacuum Thrust (Thousands of 1b)

Dimension (in.) 100 150 200 250 300 350 400 450 500
A 12 14 16 18 20 22 23 25 26
B $ 6 7 8 8 9 10 10 11
C 11 14 16 18 19 21 22 24 25
D 9 11 13 14 15 17 18 19 20
E 8 9 11 12 13 14 15 16 17
F 3 4 [ 4 5 5
G 2 2 2 3 3 3 3 4 4
H 8 10 12 13 14 15 16 17 18
I 20 20 21 21 22 22 23 23 24

Preburner P IR T T
Centerline Axi ~
//V\ ~ .
y ——C \
’ Fuel SN e
/ Al Iniet \\
/ Oxidizer \ -
,/ Inlet \
+ \ ap— r -
| E-dﬂ.J \ Power ( I
! i r f F | Package L.~ *
T + ? ’ ) | Diameter ™ +
i
\ ]
\ H { 1 1
| | ! / : |
\ * . / | +
\ ——-GL-— VG Actuntor/ '-..-1...{
\ Arm Attach, |
. Pomu_,‘_/ |
A i Engine |
S - Gimbal !
Semoboa=-? An.-\;
(U) Figure 54, Engine/Vehicle Interface FD 27786A
Locations

1Refer to Figure 54
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4. Inlet Line and Power Package Diameters

(U) Fuel and oxidizer inlet line diameters at the engine/vehicle inter-
face (low=speed inducer inlets) are presented in Table VII, The diameters
of the inlets are determined by propellant NPSH and engine cycle require-

ments.

(U) The engine power package consists of the turbomachinery, preburner,
main burner injector and chamber and the associated plumbing lines; it
is essentially the entire engine except for the exhaust nozzle. The
power package maximum diameter vccurs in the plane of the main turbo-
pumps and preburner parallel to the gimbal axis, and generally does not
exceed a diameter equivalent to that for a nozzle expansion ratio of 80.
The power package diameters are presented in Table VII.

(U) Table VI1. Power Package Diameter, Oxidizer
and Fuel Inlet Diameters

Vacuum Thrust (Thousands of 1b)
100 150 200 250 300 350 400 450 500

Power Package 41 50 58 65 71 76 82 87 92

Diameter (in.)
Oxidizer Inlet 7 9 10 12 13 14 15 16 17
Diameter (in.)
Fuel Inlet 8 9 11 12 13 15 16 17 18
Diameter (in.)

5. Gimbal Loads

(C) Thrust vector control (TVC) for the high pressure engines {s accom-
plished by mechanical gimbaling. Two actuator arms attach to the engine
at points 90 degrees apart. The estimated maximum gimbal loads (for each
actuator arm) are presented in Table VIII. Gimbal loads were based on

the following gimbaling requirements:
Angly - %7 deg
Velocity - 30 deg/sec
Rate - 30 rad/sec?

6. Auxiliary Power

(U) The high pressurs. engines are designed to provide auxiliary (accessory)
power for TVC and other uses. The maximum power availability {s presented

in Tabie VIII.

61




(U) Table VIII. Gimbal Loads and Auxiliary Power

Available from the Engine

Vacuum &hru:c (Thousands of 1b)

0100 150 200 250 300 350 400 450 500

Gimbal Loads
(Thousands of 1b)

Auxiliavy Power
(Horsepower)

16 22 28 33 39 45 Sl 56 62

43 60 80 100 117 134 151 168 185

62
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